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ABSTRACT
\
A m ethod f o r  t h e  1 8 0 - f o ld  p u r i f i c a t i o n  o f  fu m a ry la o e to -  
a o e t a t e  h y d r o la s e  (E C 3 . 7 . 1 . 2 . )  from  b e e f  l i v e r  i s  d e s c r ib e d .  
T h is  h y d r o la s e  enzyme c le a v e s  a  c a rb o n  c a rb o n  bond i n  fu m a ry l-  
a c e t o a o e t a t e ,  a n  i n t e r m e d ia t e  i n  t h e  m e ta b o l ic  pa thw ay  f o r  
t h e  d e g r a d a t io n  o f  t y r o s i n e  and  p h e n y la la n in e .  An a s s a y  
p ro c e d u re  b a s e d  o n  th e  a b i l i t y  o f  th e  enzyme t o  h y d ro ly z e
2 ,4 - d i k e t o  a c i d s  i s  p r e s e n t e d .
i i
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CHAPTER 1 
INTRODUCTION
A m ethod o f  p u r i f i c a t i o n  o f  t r i a c e t i c  a c id - h y d r o ly z in g  
enzyme was d e s c r ib e d  i n  1949  b y  C onnors and S t o t z  ( 1 ) ,  The 
p u r i t y  o f  th e  enzyme from  f r e s h  b e e f  l i v e r  was in c r e a s e d  
1 0 0 - f o ld  by  a  c o m b in a tio n  o f  a lc o h o l  and a c e to n e  f r a c t i o n a t i o n s  
and  a  h e a t  d é n a t u r a t i o n  s t e p .  They hav e  a l s o  s tu d i e d  th e  
s p e c i f i c i t y  o f  t h i s  enzym e. The enzyme e f f e c t i v e l y  h y d ro ly z e d
2 .4 - d i k e t o  a c id s  and 3 ,5 - d l k e t o  a c i d s .  A p ro p o se d  r e a c t i o n  
se q u en c e  o f  t h i s  enzyme c a t a l y s i s  was shown to  be
0 0 0II n n
CH3CCH2CCH2C0 2 H — >  CH3CCH2C0 2 H + CH3C0 2 H
t r i a c e t i c  a c id  a c e t o a c e t i c  a c id  a c e t i c  a c id
I n  th e  p r e v io u s  y e a r ,  M h ls te r  and  G r e e n s te in  (2 ) i n d i c a t e d  
t h a t  an  enzym e, w hich  th e y  c a l l e d  a c y lp y r u v a s e ,  h y d r o ly z e s
2 .4 - d i k e t o  a c i d s  i n t o  p y ru v ic  a c id  and  th e  c o r r e s p o n d in g  
f a t t y  a c i d .  T h is  a c y lp y ru v a s e  i s  p l e n t i f u l  i n  a n im a l l i v e r  
and  k id n e y . The h y d r o l y s i s  r e a c t i o n  i s  a s  fo llo w s*
P, R P,E-CCHgCCOgH - - - - >■ R-COgH +  CE^CCOgH
p y ru v ic  a c id
F u r t h e r  w ork ( 3 , 4 , 5 , 6 ) on  th e s e  two enzym es i n d i c a t e d
1
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t h a t  th e y  w ere i d e n t i c a l  and  w ere p ro b a b ly  f u m a r y la c e to a c e ta te  
h y d r o la s e  (PAAH) (EG 3 .7 .1 .2 )  w hich  h y d ro ly z e s  f u m a r y la c e to -  
a c e t i c  a c id  t o  fu m a r io  a c id  and  an  a c e t o a c e t i c  a c i d .
H 9  Q H
.0 0  pH C. CO pH Q
HOpC C C _  H OoC'^'^C ''^ +  CHoCCHoCOoH
H Hg Hg F Â Â ^  H 3 2  ^
f u m a r y la c e to a c e t i c  fu m a r ic  a c e t o a c e t i c
a c id  a c id  a c id
Some new m ethods f o r  a  g r e a t e r  p u r i f i c a t i o n  o f  FAAH a r e  
p r e s e n te d  i n  t h i s  p a p e r  and  an  a s s a y  m ethod f o r  PAAH a c t i v i t y  
i s  d e s c r ib e d  u s in g  a c e to p y r u v ic  a c id  i n s t e a d  o f  i t s  n a t u r a l  
s u b s t r a t e .  The p u r i f i c a t i o n  o f  t h i s  enzyme was u n d e r ta k e n  
so  t h a t  th e  m echanism  f o r  t h e  r a t h e r  u n iq u e  e n z y m a tic  c le a v a g e  
o f  a  c a rb o n -c a rb o n  bond  b y  h y d r o l y s i s  c o u ld  b e  s t u d i e d .




The f o l lo w in g  m a t e r i a l s  w ere  o b ta in e d  co m m erc ia lly *  
t r i s ( h y d r o x y m e th y l ) am in o m eth an e , d iso d iu m  h y d ro g e n  p h o s p h a te ,  
sod ium  c h l o r i d e ,  ammonium p e r s u l f a t e  ( F i s h e r  S c i e n t i f i c  C o .) ;  
ammonium s u l f a t e  ( M a l l in c k r o d t  C hem ical W orks. L t d . ) ;  d i ­
t h i o e r y t h r i t o l  ( D iv i s io n  T ra v e n o l L ab . I n c . ) ;  p y ru v ic  a c id  
(9 9 ^ )»  c o n c e n t r a te d  h y d r o c h lo r i c  a c id  (g r a d e  A) (M a th eso n , 
Colem an and B e l l  C o .) ;  2 ,4 - d in i t r o p h e n y l h y d r a z i n e ,  a c r y l -  
a m id e , N, N*- m e th y le n e b is a c r y la m id e , N ,N ,N * ,N * - te tr a m e th y le n e -  
d ia m in e  (E astm an  O rg a n ic  C h e m ica ls  I n c . ) ;  c o n c e n t r a te d  p h o s­
p h o r ic  a c id  (B a k e r  and  Adamson S c i e n f i c  C o .) ;  S ephadex  G-25 
g e l  (P h a rm a c ia , S w eden); d ie th y la m in o  e th y l  c e l l u l o s e ,  
t r i e th y l a m i n o  e th y l  c e l l u l o s e  (S igm a C hem ica l C o .) ;  B io -  
G el P -200  (B io«R ad L a b . ) .  A l l  s o l u t i o n s  w ere made up i n  
d e io n iz e d  w a te r .
TEAM was a c i d i f i e d  w i th  c o n c e n t r a te d  h y d r o c h lo r i c  a c id  
g ra d e  A. D isod ium  h y d ro g e n  p h o s p h a te  was a c i d i f i e d  by  con­
c e n t r a t e d  p h o s p h o r ic  a c i d .  A l l  pH v a lu e s  w ere  m easu red  on 
a  R a d io m e te r  pH m e te r  Model 26 (R a d io m e te r  C openhagen , Den­
m ark) .
A c e to p y ru v ic  a c id  was s y n th e s iz e d  i n  t h i s  l a b o r a t o r y  
b y  M iss S u san  Sim (7 )  .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
B. METHODS
1 ) P r e p a r a t io n  o f  S ephadex  G -25 g e l
Ten gram s o f  S ephadex  G -25 g e l  (medium) was a llo w e d
t o  s w e l l  i n  500  ml o f  0.025M  THAM b u f f e r ,  pH 8 ,5 »  c o n ta in in g  
- 41x10 M DTE, The s u s p e n s io n  was a llo w e d  to  s ta n d  4 h o u rs  
and  d e g a s s e d  b e f o r e  b e in g  p o u re d  i n t o  a  g l a s s  colum n w ith  
a  s c i n t e r e d  g l a s s  f i l t e r  on  th e  b o tto m  ( i n s i d e  d ia m e te r  2 ,1 c m ). 
The l e n g t h  o f  r e s i n  b ed  was 22 cm. Two l i t e r s  o f  t h e  above 
b u f f e r  was ru n  th ro u g h  t h e  colum n b e f o r e  u s e .
2) P r e p a r a t i o n  o f  DEAE- and  T E A E -C e llu lo se
The m ethod o f  S e re  and  K o s ic k i  (8 )  was fo l lo w e d  w ith  ,
one  a d d i t i o n a l  s t e p  t o  p r e p a r e  t h e  r e s i n s  f o r  u s e .  As a  f i n a l
s t e p  o f  t h e i r  m ethod two l i t e r s  o f  d e io n iz e d  w a te r  w ith
Ix lo '^ M  DTE and  one  l i t e r  o f  0.02M  THAM b u f f e r ,  pH 8 .5 ,  c o n - 
- 4t a i n i n g  1x10 M DTE w ere u se d  to  wash th e  co lum n u n t i l  t h e  
e f f l u e n t  had  t h e  same i o n i c  s t r e n g t h  a s  m easu red  b y  co n d u c­
t i v i t y  b r id g e  Model R C -I6BI ( I n d u s t r i a l  I n s t r u m e n ts  I n c . ,
New J e r s e y ) ,  A f t e r  t h e  c e l l u l o s e  colum n ( 2 .1  cm i n  d ia m e te r ,
22 cm i n  r e s i n  l e n g th )  was u se d  f o r  a  p r o t e i n  s e p a r a t i o n ,  
t h e  same s e r i e s  o f  c le a n in g  s t e p s  w ere  p e rfo rm e d  f o r  th e  
n e x t  p a c k in g ,
3) P r e p a r a t i o n  o f  B io -G e l P-200
Tw enty gram s o f  d r y  B io -G e l P-200 (5 0 -1 0 0  mesh)
was a llo w e d  to  s w e l l  i n  two l i t e r s  o f  0.5M THAM b u f f e r ,
- 4pH 8 . 5 » c o n ta in in g  1x10 M DTE o v e r n ig h t .  The f u l l y  h y d r a te d  
g e l  was p a ck e d  i n t o  a  K 25/45  colum n (P h a rm a c ia , Sweden) 
f i t t e d  w ith  th e  a p p r o p r i a t e  f lo w  a d a p to r s .  The i n s i d e  d i a ­
m e te r  o f  colum n was 2 .5  cm, th e  h e ig h t  o f  g e l  was 40 cm.
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4 ) Spectrophotometric Method for Enzyme Assay
The b u f f e r  u se d  was 0.025M  sodium  p h o s p h a te ,  pH 7 .3 .
A c e to p y ru v ic  a c id  1 . 2 2 x 1 0 " " d i s s o lv e d  i n  t h e  sodium  p h o s p h a te
b u f f e r  was u s e d  a s  a  s u b s t r a t e .  The s u b s t r a t e  s o l u t i o n  was
s t o r e d  a t  4 °C .
I n t o  a  3 ml c u v e t t e  w ere  p i p e t t e d  2 ,6  ml o f  sodium
p h o s p h a te  b u f f e r  and  0 .3  ml o f  a c e to p y r u v ic  a c i d  s o l u t i o n .
- 4
The f i n a l  c o n c e n t r a t i o n  o f  a c e to p y r u v ic  a c id  was 1 ,2 2 x 1 0  M.
To t h i s  s o l u t i o n  was ad d ed  0 .0 5  ml o f  enzyme s o l u t i o n  and  
t h e  d is a p p e a r a n c e  o f  s u b s t r a t e  r e c o rd e d  a t  295  nm f o r  10 to  
1 5  m in u te s .  T h re e  m i l l i l i t e r s  o f  b u f f e r  was u se d  a s  a  b la n k .  
A l l  enzyme a c t i v i t y  d e te r m in a t io n s  w ere  p e rfo rm e d  on  a  Beckman 
s p e c t r o p h o to m e te r  M odel DU w ith  a  G i l f o r d  r e c o r d e r .
5 ) Determination of Protein Concentration
I n t o  a  one m i l l i l i t e r  c u v e t t e  was p i p e t t e d  an  a p p ro ­
p r i a t e  am ount o f  th e  enzyme s o l u t i o n  and t h i s  was d i l u t e d  to  
o n e  m i l l i l i t e r  w ith  sodium  p h o sp h a te  b u f f e r .  The o p t i c a l  
d e n s i t y  r e a d in g s  w ere  r e c o rd e d  a t  260 nm and  280 nm. Sodium  
p h o s p h a te  (0 .025M , pH 7»3) was u se d  a s  a  b la n k .  The c o n ce n ­
t r a t i o n  o f  p r o t e i n  i n  m i l l ig r a m s  p e r  m i l l i l i t e r  was d e t e r ­
m ined  u s in g  t h e  nom ograph o f  W arburg and  C h r i s t i a n  ( 9 ) .
6) Calculations
The unit of enzyme activity is defined as;
A O.P.  ^ total volume of enzyme solution 
300sec, * volume of enzyme solution used in assay
The specific activity is expressed as the ratio of 
enzyme activity to protein content in milligrams per milli­
liter as determined by the method of Warburg and Christian
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(9).
A f t e r  e a c h  f r a c t i o n a t i o n  s t e p  th e  m easu rem en ts
o f  r e c o v e r y  and  e x t e n t  o f  p u r i f i c a t i o n  a r e  d e te rm in e d .
Thus th e  r e c o v e r y  e q u a ls*
t o t a l  a c t i v i t y  a f t e r  f r a c t i o n a t i o n  ^  io05^ 
t o t a l  o r i g i n a l  a c t i v i t y
and  t h e  f o l d  p u r i f i c a t i o n  e q u a ls*
t o t a l  s p e c i f i c  a c t i v i t y  a f t e r  f r a c t i o n a t i o n  
t o t a l "  o r i g i n a l  s p e c i f i c  a c t i v i t y
7) P r e p a r a t io n  o f  C rude Enzyme P a s te
A f r e s h  b e e f  l i v e r  was b ro u g h t  d i r e c t l y  from  a
s la u g h te r - h o u s e  i n  an  i c e  c o n t a in e r  t o  a  c o ld  room (4® C).
The l i v e r  was c u t  i n t o  sm a ll  c u b e s  and  th e  w h ite  c o n n e c t iv e
t i s s u e  d i s c a r d e d .  A l l  c u b e s  w ere  p a s s e d  th ro u g h  a  m eat
g r i n d e r .  E ach 200 gm p o r t i o n  o f  g ro u n d  l i v e r  was th e n
m ixed  w i th  400 ml o f  i c e - c o l d  0 . 85^  sodium  c h lo r i d e  s o l u t i o n
- 4c o n ta in in g  1x10 M DTE, i n  a  W aring B le n d e r ,  and  hom ogen ized  . 
f o r  two m in u te s .  The m ixed h o m o g en a tes  from  a p p ro x im a te ly  
10  l b .  o f  t i s s u e  (1 8  ru n s )  w ere a llo w e d  t o  s ta n d  3 t o  5 
h o u r s .  The t o t a l  volum e was a b o u t n in e  l i t e r s .  To 800 ml 
o f 'h o m o g e n a te  w ere  ad d ed  890  ml o f  i c e - c o l d  9 5^  e th y l  a l c o h o l ,  
w i th  s t i r r i n g ,  t o  o b t a i n  a  f i n a l  c o n c e n t r a t i o n  o f  50% 
a l c o h o l .  The m ix tu re  was a llo w e d  to  s ta n d  o v e r n ig h t .  I t  
was th e n  c e n t r i f u g e d  a t  l 6 , 300x g f o r  5 m in u te s  and  th e  
s o l i d  m a t e r i a l  d i s c a r d e d .  T o ta l  volum e was f i f t e e n  l i t e r s .
To 1000 ml o f  t h e  c l e a r  y e llo w  o r  r e d  s o l u t i o n  
w ere  m ixed 800  ml o f  i c e - c o l d  $ 5% e t h y l  a lc o h o l  t o  p ro d u c e  
an  a lc o h o l  c o n c e n t r a t i o n  o f  70%» The s o l u t i o n  was a llo w e d
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t o  s ta n d  o v e r n ig h t  w h ile  th e  enzyme p r e c i p i t a t e d .  The 
s u p e r n a t a n t  f l u i d  was c a r e f u l l y  p o u red  o u t  and  th e  p r e c i ­
p i t a t e d  p r o t e i n  was p ack ed  by  c e n t r i f u g a t i o n  a t  1 6 ,3 0 0  x  g 
f o r  5 m in u te s .  Ten p o unds o f  f r e s h  b e e f  l i v e r  gave  a p p ro ­
x im a te ly  120 gm o f  p r e c i p i t a t e d  p r o t e i n .  T h is  c ru d e  enzyme 
p a s t e  c o u ld  b e  s to r e d  a t  -20°C  f o r  p e r io d s  a s  lo n g  a s  one  
m onth w i th o u t  a p p r e c i a b le  l o s s  o f  a c t i v i t y ,
8 ) Enzyme F r a c t i o n a t i o n  M ethods
To 24 gm o f  enzyme p a s t e  w ere  added  40 ml o f  0.025M
-4"sodium  p h o s p h a te  b u f f e r ,  pH 7 .3 ,  c o n ta in in g  1x10 M DTE. The 
s u s p e n s io n  was s t i r r e d  f o r  30 m in u te s .  The s u p e r n a ta n t  was 
r e c o v e re d  b y  c e n t r i f u g a t i o n  a t  l 6 ,3 0 0  x  g f o r  t e n  m in u te s .
A se co n d  e x t r a c t i o n  o f  t h e  c e n t r i f u g e d  p r e c i p i t a t e  was p e r ­
fo rm ed  w ith  10 ml o f  b u f f e r .  The two p o r t i o n s  w ere  com bined 
and  s o l i d  ammonium s u l f a t e  (2 0  gm) was d i s s o l v e d  i n  th e  
c l e a r  e x t r a c t  t o  a  f i n a l  c o n c e n t r a t i o n  o f  4ojS (w /v ) .  The 
m ix tu r e  was a llo w e d  to  s ta n d  f o r  4  h o u r s  and  c e n t r i f u g e d .
The p r e c i p i t a t e d  p r o t e i n  was e x t r a c t e d  w ith  s t i r r i n g
f o r  30 m in u te s  w ith  7 ml o f  0 .0 2  M THAM b u f f e r ,  pH 8 .5 ,
-4c o n ta in in g  1x10 M DTE. A f t e r  c e n t r i f u g a t i o n  a t  1 6 ,3 0 0  x g 
f o r  5 m in u te s  t h e  p r e c i p i t a t e d  m a t e r i a l  was d i s c a r d e d  and  
t h e  s u p e r n a ta n t  c h ro m a to g ra p h e d  on S ephadex  G -25 . The co­
lum n was d e v e lo p e d  w ith  0 .0 2  M THAM, pH 8 .5 ,  c o n ta in in g  
1x10“ ^  M DTE a t  th e  f lo w  sp e e d  o f  100 ml p e r  h o u r  and t e n  
m i l l i l i t e r  f r a c t i o n s  w ere c o l l e c t e d .  Enzyme a c t i v i t y  was 
u s u a l l y  e lu t e d  i n  th e  t h i r d  and  f o u r t h  f r a c t i o n s .
The f l u i d  c o n ta in in g  a c t i v e  enzyme was p la c e d  o n to
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8a  colum n o f  T E A E -c e llu lo s e . Ten m i l l i l i t e r  f r a c t i o n s  w ere  
c o l l e c t e d  a t  a  f lo w  sp e ed  o f  60 ml p e r  h o u r .  Two h u n d red
-4
m i l l i l i t e r s  o f  0 .0 2  W THAM b u f f e r ,  pH 8 .5 »  c o n ta in in g  1x10 M
DTE w ere  ru n  th ro u g h  th e  co lum n. A f t e r  th e  200 ml e f f l u e n t
w as o b ta in e d ,  an  e x p o n e n t ia l  g r a d i e n t  was s t a r t e d  w ith  300  ml
- 4
o f  TEAM b u f f e r  (1x10 M DTE) ( 0 .2  M, pH 8 .5 )  and  100 ml o f
- 4
THAM b u f f e r  (1x10 M DTE) (0 .0 2  M, pH 8 . 5 ) .  Enzyme a c t i v i t y
w as a s s a y e d  f o r  i n  e ac h  t h i r d  f r a c t i o n  and  th o s e  f r a c t i o n s
b e tw e e n  f r a c t i o n s  31 t o  35  w h ich  w ere o b s e rv e d  to  c o n ta in
p r o t e i n .  S p e c i f i c  a c t i v i t y  and  u n i t s  w ere  c a l c u l a t e d .  A l l
f r a c t i o n s  h a v in g  h ig h  s p e c i f i c  a c t i v i t y ,  u s u a l ly  b e tw ee n
f r a c t i o n s  31 and 3 5 , w ere m ixed and  th e  p r o t e i n  p r e c i p i t a t e d
b y  th e  a d d i t i o n  o f  s u f f i c i e n t  ammonium s u l f a t e  t o  g iv e  a
f i n a l  c o n c e n t r a t i o n  o f  40^  ( w /v ) . A f t e r  s ta n d in g  o v e r n ig h t ,
t h e  w h ite  p r e c i p i t a t e  was com pacted  by  c e n t r i f u g a t i o n .  To
t h e  s m a ll  am ount o f  t h i s  p r e c i p i t a t e  was added  5 ml o f  0 .2  M
- 4
THAM b u f f e r ,  pH 8 .5 ,  c o n ta in in g  1x10 M DTE. A f t e r  s t i r r i n g  
f o r  f i v e  to  t e n  m in u te s ,  t h e  s u s p e n s io n  was c e n t r i f u g e d  and 
t h e  s u p e r n a ta n t  was u se d  f o r  th e  B io -G e l P -200  s e p a r a t i o n .
The c l e a r  s u p e r n a ta n t  was made to  5% (w /v ) s u c ro s e  
and  pumped o n to  th e  b o tto m  o f  a  P h a rm a c ia  K 25/45 colum n 
(1 0 ) p ack ed  w ith  B io -G e l P -2 0 0 . The colum n was d e v e lo p e d  
b y  an  upw ard f lo w  a t  a  r a t e  o f  4o ml p e r  h o u r .  F iv e  m i l l i -
- 4
l i t e r  o f  d e g a s s e d  0.5M THAM b u f f e r ,  pH 8 .5 ,  c o n ta in in g  1x10 M 
DTE w ith  0 .5  gm s u c ro s e  d i s s o lv e d  (10^  s u c ro s e  s o l u t io n )  i n  
t h e  b u f f e r  was pumped o n to  colum n fo l lo w in g  sam ple  u p p l i c a -
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t i o n .  A n o th e r  500 ml d e g a s s e d  0 .5  M THAM b u f f e r ,  pH 8 .5 ,
c o n ta in in g  1x10 M DTE was th e n  u se d  t o  e l u t e  t h e  p r o t e i n .
Ten milliliter fractions were collected. The protein was
u s u a l l y  e lu t e d  i n  t h e  t e n t h  t o  t w e l f t h  f r a c t i o n s .  Enzyme
a s s a y s  w ere p e rfo rm e d  on  e v e ry  f r a c t i o n .  To t h e  com bined
e n z y m a t ic a l ly  a c t i v e  f r a c t i o n s  was ad d ed  ammonium s u l f a t e
t o  a  f i n a l  c o n c e n t r a t i o n  o f  40^ o f  s a t u r a t i o n .  The c lo u d y
s o l u t i o n  was a llo w e d  t o  s ta n d  o v e r n ig h t .  The s m a ll  am ount
o f  p r e c i p i t a t e  was com pacted  b y  c e n t r i f u g a t i o n  and  d i s s o lv e d
- 4
i n  3 ml o f  0 .5  M THAM b u f f e r ,  pH 8 .5 ,  c o n ta in in g  1x10 M DTE.
9) V e r t i c a l  P o ly a c ry la m id e  G el E le c t r o p h o r e s i s
A s to c k  o f  s o l u t i o n  o f  30% a c ry la m id e  i n  0 .0 5  M 
THAM a t  pH 7 .4  was p re p a r e d  by  d i s s o l v i n g  0 .3  gm/ml a c r y l ­
am id e , 0 .0 0 2  gm/ml N ,N * -m e th y le n e b id a c ry la m id e  and  0 .0 0 4 6  m l/m l 
N ,N ,N * ,N '- te tr a m e th y le n e d la ra in e  i n  t h e  b u f f e r .
Im m e d ia te ly  p r i o r  t o  u s e  t h e  s to c k  s o l u t i o n  was 
d i l u t e d  w ith  t h e  THAM b u f f e r  t o  g iv e  a  c o n c e n t r a t i o n  o f  7 »3% 
a c ry la m id e .  Ammonium p e r s u lp h a t e  (400A o f  0 .4  gm /m l) was 
ad d ed  w i th  s t i r r i n g  t o  a  f i n a l  c o n c e n t r a t i o n  1 . 0 x10  gm/ml 
( 11) .
S am ples w ere  s u b je c te d  t o  e l e c t r o p h o r e s i s  a t  pH 9 .0  
and  300 v o l t s  and  4 -6  m il l ia m p s  p e r  cm f o r  4 -5  h o u rs  ( 1 2 ) .
The protein components were detected by staining the gel 
with Amido Black (1 3 ) and subsequent destaining with a  
mixture of methanol, acetic acid and water (5 : 1 : 5 by 
volume).
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10) Pyruvate Determination
a) Standard C urve for Pyruvic Acid
P u re  p y ru v ic  a c id  was p r e p a re d  by  t h r e e  r e d i s ­
t i l l a t i o n s  cf 99# p y ru v ic  a c id  ^  v a c u o , th e  f r a c t i o n  b o i l i n g  
a t  52°C -  5 5 ^ 0 /1 3  nmHg, b e in g  c o l l e c t e d .  The c l e a r  s o l u t i o n  
w as c o o le d  to  4°C . One m i l l i l i t e r  o f  p u re  p y ru v ic  a c id  s o lu ­
t i o n  was c a r e f u l l y  p i p e t t e d  i n t o  a  w e ig h in g  b o t t l e  (1  ml=
1 , 2 5 2 4  gm) and  th e n  d i s s o lv e d  i n  250  ml o f  i c e - c o l d  d e io n iz e d  
w a te r .  The a c id  s o l u t i o n  was th e n  n e u t r a l i z e d  w i th  1 N sodium  
h y d r o x id e .  C are  was t a k e n  n o t  t o  a l lo w  th e  te m p e ra tu re  to  
r i s e  above  4®C. The f i n a l  c o n c e n t r a t i o n  was 5*69 ^  10~ '^m oles/m l» 
Two m i l l i l i t e r s  o f  t h i s  s o l u t i o n  was d i l u t e d  to  100 ml w ith
i c e - c o l d  d e io n iz e d  w a te r  t o  r e a c h  a  f i n a l  c o n c e n t r a t i o n  o f  
“ 6
1.138 X 10 moles/ml. Into ? ten milliliter volumetric
f l a s k s ,  a l i q u o t s  o f  0 .1  m l, 0 .3  m l, 0 .5  m l, 0 .7  m l, 1 m l,
1 .2  ml an d  I . 5  ml w ere c a r e f u l l y  p i p e t t e d  from  th e  p y ru v ic
a c id  s o l u t i o n  o f  1 . 1 38 x 10“ ^ m o le s /m l c o n c e n t r a t i o n .  I c e -
c o ld  0 . 0 2 5  M sodium  p h o sp h a te  b u f f e r ,  pH 7 * 3 , was u se d  f o r
d i l u t i o n  to  10 m l. A l l  s o l u t i o n s  w ere k e p t  a t  0 °C . The
concentrations were l,l4 x 10“®, 3*41 x 10“®, 5.69 x lo"^,
7.97 X 10“®, 1.14 X 10"?, 1.36 X 10"^, 1.71 X 10"^ moles/ml.
F o r  f u r t h e r  d i l u t i o n ,  0 .3  ml and  0 . 6  ml w ere  p i p e t t e d  from
-7
t h e  f l a s k  o f  l . l 4  x  10  m o le s /m l c o n c e n t r a t i o n  and  d i l u t e d  
t o  10 ml w ith  c o ld  sodium  p h o s p h a te  b u f f e r .  The f i n a l  con­
c e n t r a t i o n  w ere 3*41 x 1 0 “ ^ and  6 .8 3  x  l o ” ^ m o le s /m l.
D u p l ic a te  2 ml p o r t i o n s  o f  th e  above n in e  d i f f e ­
r e n t  c o n c e n t r a t i o n s  o f  p y ru v ic  a c id  w ere  p i p e t t e d  i n t o
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e ig h te e n  c le a n  tu b e s  and 1 ml o f  0 .1 #  2 ,4 - d l n i t r o p h e n y l h y -  
d r a z in e  s o l u t i o n  ( p r e p a r e d  I n  2 N h y d r o c h lo r i c  a c id  s o lu ­
t i o n )  was ad d ed  t o  e ac h  tu b e .  A p a le  y e llo w  c o l o r  d e v e lo p e d  
i n  a t  l e a s t  10 m in u te s .  The s o l u t i o n s  w ere a llo w e d  t o  s ta n d  
f o r  30 m in u te s .  A p o r t i o n  o f  4  ml o f  1 N sodium  h y d ro x id e  
was a d d e d , w ith  m ix in g , i n t o  e a c h  tu b e ,  A r e d  c o lo r  d e v e ­
lo p e d  im m e d ia te ly , w hich  was s t a b l e  f o r  lo n g e r  th a n  90 m inu­
t e s .  The p y ru v a te  was d e te rm in e d  s p e c t r o p h o to m e t r i c a l l y  
u s in g  th e  t u n g s t e n  lam p of. t h e  Beckman s p e c t ro p h o to m e te r  DU 
m odel a t  450 nm. T h ree  m i l l i l i t e r s  o f  0 .0 2 5  M sodium  
p h o s p h a te  b u f f e r ,  pH 7*3» was u se d  a s  b la n k .  The o p t i c a l  
d e n s i t y  r e a d in g s  w ere  r e c o rd e d  and  p l o t t e d  a g a i n s t  th e  
c o n c e n t r a t i o n  o f  p y ru v ic  a c i d ,
b ) D e te rm in a t io n  o f  P y ru v ic  A cid  i n  Sam ple
I n t o  s i x t e e n  c l e a n  t e s t  tu b e s  w ere  added  3 ml 
s o l u t i o n s  o f  a c e to p y r u v ic  a c id  u n d e r  t h e  same c o n d i t i o n s  
a s  u se d  i n  t h e  enzyme a s s a y .  The r e a c t i o n  was b eg u n  b y  
a d d in g  0 . 0 5  ml o f  enzyme s o l u t i o n  and q uenched  b y  a d d in g  
0 .5  ml o f  c o n c e n t r a te d  h y d r o c h lo r i c  a c id  a t  t h e  a p p r o p r i a t e  
t im e .  The r e a c t i o n s  w ere q uenched  a f t e r  p e r io d s  o f  3 , 5»
1 0 , 1 5 , 2 5 , 35 and  4 5  m in u te s .  A f t e r  th e  c o n c e n t r a te d  
h y d r o c h lo r i c  a c id  was a d d e d , t h e  tu b e  was p la c e d  i n t o  b o i l ­
in g  w a te r  f o r  one  h o u r  t o  rem ove i n t e r f e r i n g  k e to a c i d s  ( l 4 ) .  
The s o l u t i o n  was n e u t r a l i z e d  by  a d d in g  6 ml o f  4o# sodium  
h y d ro x id e  and a llo w e d  to  c o o l .  A p o r t i o n  o f  2 ml o f  sodium  
p h o s p h a te  b u f f e r  was added  f o r  f u r t h e r  d i l u t i o n .  The 
am ount o f  p y ru v ic  a c id  i n  t h e  sa m p le s  was th e n  d e te rm in e d
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b y  m e a su r in g  th e  o p t i c a l  d e n s i t y  a t  450nm and u s in g  th e  
s ta n d a r d  c u rv e  p r e v io u s ly  o b ta in e d ,
c ) Kinetic Study of Acetopyruvic Acid
The same enzyme s o l u t i o n  u se d  f o r  th e  d e te rm in a ­
t i o n  o f  p y ru v ic  a c id  i n  (b ) was a l s o  u se d  f o r  t h i s  e x p e r i ­
m e n t. The same c o n c e n t r a t i o n  o f  a c e to p y r u v ic  a c id  a s  f o r  
a  n o rm al enzyme a s s a y  was a l s o  u s e d . T h ree  m i l l i l i t e r s  o f  
0 . 0 2 5  M sodium  p h o s p h a te  b u f f e r ,  pH 7 .3»  was u se d  a s  a  b la n k .  
A f u l l  s c a l e  d e f l e c t i o n  o f  a n  o p t i c a l  d e n s i t y  o f  1 .0 0  was 
s e t  on th e  s p e c t r o p h o to m e te r .  As soon  a s  t h e  h y d r o l y s i s  
r e a c t i o n  s t a r t e d ,  th e  r e c o r d e r  c o n n e c te d  to  s p e c t ro p h o to m e te r  
was s w itc h e d  on  and ru n  f o r  one  h o u r .  The d e c r e a s e  i n  
o p t i c a l  d e n s i t y  a t  295  nm d iv id e d  by  th e  e x t i n c t i o n  co­
e f f i c i e n t  o f  a c e to p y r u v ic  a c i d ,  6 =  6 4OO ( 1 5 ) ,  g iv e s  th e  
d e c r e a s e  i n  a c e to p y r u v ic  a c id  w hich  s h o u ld  b e  e q u iv a le n t  to  
t h e  f o rm a t io n  o f  p y ru v ic  a c i d .
d) Identification of P y ru v ic  A cid  Produced
An a l i q u o t  ( 0 .6  m l) o f  p u r i f i e d  enzyme s o l u t i o n
was added  to  10 ml o f  0 .2  M THAM b u f f e r ,  pH 8 .5 ,  c o n ta in in g
- 41x10 M DTE and  10 mg a c e to p y r u v ic  a c i d .  The r e a c t i o n  
m ix tu r e  was in c u b a te d  a t  room te m p e r a tu re  f o r  24 h o u r s .
Then th e  f r e s h l y  p re p a r e d  2 , 4 - d ln i t r o p h e n y lh y d r a z in e  s o l u t i o n  
( 1 6 ) was added and the mixture was allowed to stand f o r  15  
m in u te s  a t  room te m p e r a tu r e .  A f t e r  t h e  y e llo w  s o l u t i o n  
was h e a te d  f o r  a p p ro x im a te ly  10 m in u te s  on a steam  b a th  
y e llo w  c r y s t a l s  fo rm ed . T hese  c r y s t a l s  had  a m e l t in g  p o in t  o f  
2 l4^C -217°C  and w ere i d e n t i f i e d  a s  2,4-dlnitro p h e n y lh y d ra z o n e
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d e r i v a t i v e  o f  p y r u v i c  a c i d  ( 2 ) ,




F u m a r y l a c e t o a c e t a t e  h y d r o l a s e  was a s s a y e d  a f t e r  e a c h  
s t e p .  The s p e c i f i c  a c t i v i t y  o f  t h e  0 ,8 5 #  sodium  c h l o r i d e  
e x t r a c t  was 0 ,0 ?  u n i t s /m g .  The p u r i t y  i n c r e a s e d  1 0 - f o l d  
and  5 - f o l d  a f t e r  p r o t e i n  p r e c i p i t a t i o n s  from  t h e  50#  end 
70# a l c o h o l  r e s p e c t i v e l y .  Ammonium s u l f a t e  p r e c i p i t a t i o n  
i n c r e a s e d  t h e  a c t i v i t y  a b o u t  4 8 - f o l d ,  S ephadex  G-25 c h r o ­
m a to g ra p h y  was n e c e s s a r y  t o  a d j u s t  t h e  enzyme s o l u t i o n  t o  
t h e  c o r r e c t  i o n i c  s t r e n g t h  f o r  c h ro m a to g ra p h y  on  TEAE- 
c e l l u l o s e .  T E A E -c e l lu lo s e  c h ro m a to g ra p h y  c a u s e d  a n  a p p ro ­
x im a te  l l 6 - f o l d  p u r i f i c a t i o n  and  a l s o  removed t h e  y e l lo w  
c o l o r  w hich  was p r e s e n t  d u r i n g  a l l  t h e  p r e v i o u s  s t e p s .  
C h rom atog raphy  o n  T E A E -c e l lu lo s e  gave  a  1 .9 #  y i e l d  o f  a c t i v e  
p r o t e i n .  The seco n d  ammonium s u l f a t e  p r e c i p i t a t i o n  i n c r e a s e d  
t h e  a c t i v i t y  a b o u t  1 7 9 - f o l d ,  B io -G e l  P -200  c h ro m a to g ra p h y  
d i d  n o t  i n c r e a s e  t h e  enzyme a c t i v i t y  b u t  was i n c l u d e d  t o  
a c e r t a i n  w h e th e r  t h e  p r o t e i n  was hom ogeneous by  m o le c u l a r  
s i e v e  c h ro m a to g ra p h y .  The o v e r a l l  y i e l d  o f  a c t i v e  p r o t e i n  
u s i n g  t h i s  m ethod was 1 # .  See T a b le  I  f o r  t h e  d a t a  p e r ­
t a i n i n g  t o  t h e  p u r i f i c a t i o n  a t  e a c h  s t e p .
From TEAE-cellulose two protein peaks were obtained 
as determined by measuring the optical density at 280 nm
14
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( F i g u r e  1 ) ,  ' The f i r s t  p e ak  showed no enzyme a c t i v i t y  a t  a l l  
b y  t h e  s p e c t r o p h o t o m e t r i c  a s s a y .  The seco nd  p e a k  c o n ta in e d  
t h e  s p e c f i c  p r o t e i n  f o r  h y d r o l y z i n g  t h e  s u b s t r a t e  a c e to p y r u ­
v i c  a c i d .  B o th  p e a k s  a r e  s h a r p ,  and  a r e  w e l l  s e p a r a t e d .
The s p e c i f i c  a c t i v i t y  o f  e a c h  f r a c t i o n  c o n t a i n i n g  e n z y m a tic  
a c t i v i t y  was e v a l u a t e d .
The a c t i v e  p r o t e i n  em erged from  t h e  B io -G e l  P -200  a s  
a  s i n g l e  sy m m e tr ic a l  p e a k .  I n  r e l a t i o n  t o  B lu e  D e x t ra n  
2000 ( m o le c u l a r  w e ig h t  a ro u n d  2 x 10 ) t h e  enzyme was r e t a r d e d  
d u r i n g  c h ro m a to g ra p h y .  The B lu e  D e x t ra n  was e l u t e d  from  t h e  
colum n i n  f r a c t i o n s  5 - 8 ,  and  em erg in g  a c t i v i t y  was e x c lu d e d  
i n  f r a c t i o n s  9 -1 3  ( F i g u r e  2 ) .  A r e c o v e r y  o f  a lm o s t  100# o f  
t h e  a c t i v e  p r o t e i n  a p p l i e d  t o  t h e  colum n was o b t a i n e d  and 
t h e  s p e c i f i c  a c t i v i t y  d u r i n g  t h i s  s t e p  was v i r t u a l l y  u n ch an g ­
e d ,
B, FORMATION OF PYRUVIC ACID
U sin g  p u r i f i e d  enzym e, t h e  r a t e  o f  h y d r o l y s i s  o f  a c e t o ­
p y r u v i c  a c i d  was e q u a l  t o  t h e  r a t e  o f  p y r u v i c  a c i d  p r o d u c t i o n  
( F i g u r e ^ ,  T a b le  I I ) .  Maximum h y d r o l y s i s  o c c u r s  i n  t h e  f i r s t  
25  m in u te s  w i th  an  i n i t i a l  a c e t o p y r u v i c  a c i d  c o n c e n t r a t i o n  o f  
1 ,2 2 x 1 0 ^ 7  m o le s /m l ,  The s t a n d a r d  c u rv e  o f  p y r u v a te  i s  p r e ­
s e n t e d  i n  F ig u r e  4 .  At h ig h  c o n c e n t r a t i o n s  o f  p y r u v i c  a c i d  
t h e  c u rv e  was no l o n g e r  l i n e a r .  The p a r t  o f  t h e  l i n e  u n d e r  
t h e  c o n c e n t r a t i o n  o f  6 . 0 x1 0 ” ® m o le s /m l  was expanded  and i s
shown i n  F i g u r e  5* A l l  d e t e r m i n a t i o n s  o f  t h e  p y r u v i c  a c i d  
c o n c e n t r a t i o n  i n  t h e  a c t u a l  e n z y m a t ic  r e a c t i o n  (M ethod 10b)
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F i g .  1 .  The p r o t e i n  p r o f i l e  from  T E A E -c e l lu lo s e  
c h ro m a to g ra p h y .
The d a t a  was o b t a i n e d  w i th  1 ml o f  sam ple  t a k e n  from  eac h
t h i r d  10 ml f r a c t i o n .  One m i l l i l i t e r  o f  0 .0 2 5  M sodium
p h o s p h a te  b u f f e r  (pH 7 .3 )  a s  a  b l a n k .
0 Î O p t i c a l  D e n s i t y  a t  280 nm.
• : Specific Activity.
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P i g .  2 ,  A p r o t e i n  p r o f i l e  from  B io -G e l  P -200  chrom a­
t o g r a p h y .
The d a t a  was o b t a i n e d  w i t h  1 ml o f  sam ple  o u t  o f  e a c h  10 ml 
f r a c t i o n  and u s i n g  0 .0 2 5  M sodium  p h o s p h a te  b u f f e r  (pH 7*3) 
a s  a  b l a n k .
0 : O p t i c a l  D e n s i ty  a t  280 nm.
0 Î S p e c i f i c  A c t i v i t y .
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F i g .  3 . The c o m p a r is o n  o f  r e a c t i o n  r a t e  b e tw e e n
s u b s t r a t e  d e c o m p o s i t io n  b y  FAAH and  p r o d u c t  f o r m a t io n .
The s u b s t r a t e  i s  a c e t o p y r u v i c  a c i d ,  p r o d u c t  i s  p y r u v ic  a c i d ,
o t  d i s a p p e a r a n c e  o f  a c e t o p y r u v i c  a c i d .
# ;  a p p e a ra n c e  o f  p y r u v ic  a c i d .
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w ere  d e te rm in e d  b y  u s i n g  t h e  s t r a i g h t  p o r t i o n  o f  t h i s  c u r v e .  
The f o r m a t io n  o f  p y r u v ic  a c i d  was i d e n t i f i e d  b y  i s o l a t i o n  a s  
t h e  2 ,4 - d i n i t r o p h e n y l h y d r a z o n e  p y r u v ic  a c i d  d e r i v a t i v e  w hich  
was r e c r y s t a l l i z e d  from  e t h y l  a c e t a t e .  The m e l t i n g  p o i n t  o f  
t h e  i s o l a t e d  compound was 214®C -  2 iy °C . The r e p o r t e d  m e l t i n g  
p o i n t  o f  t h e  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  d e r i v a t i v e  o f  p y r u v ic  
a c i d  i s  2 l4 ° 0  ( 2 ) .
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F i g .  4 ,  S ta n d a r d  c u rv e  o f  t h e  2 , 4 - d i n i t r o p h e n y l h y d r a -  
zone p y r u v i c  a c i d  d e r i v a t i v e  i n  t h e  c o n c e n t r a t i o n  r a n g e  o f
1 X 10 m o le s /m l t o  1 .6  x 10~^ m o le s /m l .
The d a t a  was o b t a i n e d  w i th  2 ml o f  p y r u v i c  a c i d ,  1 ml o f  
2 , 4 - d i n i t r o p h e n y l h y d r a z i n e  ( 0 .1 ^ )  and  4 ml o f  1 N sodium  
h y d r o x id e  s o l u t i o n .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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Figure 4
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F i g .  5» S ta n d a r d  c u rv e  o f  t h e  2 , 4 - d l n i t r o p h e n y l h y d r a -  
zone  p y r u v i c  a c i d  d e r i v a t i v e  i n  t h e  c o n c e n t r a t i o n  r a n g e  o f
Q —81 X 10"9  m o le s /m l t o  6 ,0  x 10~ m o le s /m l .
The d a t a  was o b t a i n e d  w i th  2 ml o f  p y r u v ic  a c i d  s o l u t i o n ,
1 ml o f  0 ,1 ^  2 , 4 - d i n i t r o p h e n y l h y d r a z i n e  and  4 ml o f  1 N 
sodium  h y d ro x id e  s o l u t i o n .
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DISCUSSION
C onnors  and S t o t z  (1 )  e s t a b l i s h e d  t h a t  t h e  t r i a c e t i c  
a c i d  h y d r o l y z i n g  enzyme was s t a b l e  b e tw ee n  pH 6 . 0 - 8 , 5 ,  A l l  
p r o c e d u r e s  w ere  c a r r i e d  o u t  w i t h i n  t h i s  pH r a n g e .
The method p r e s e n t e d  i n  t h i s  t h e s i s  u t i l i z e d  a  com bina­
t i o n  o f  a l c o h o l  p r e c i p i t a t i o n ,  s a l t  p r e c i p i t a t i o n  and c h r o ­
m a to g ra p h ic  s e p a r a t i o n s  on  T E A E -c e l lu lo s e  and B io -G e l  P -2 0 0 ,  
I t  was i n i t i a l l y  o b s e rv e d  t h a t  t h e  h e a t  d é n a t u r a t i o n  s t e p  
a d o p te d  by  C onnors  and S t o t z  (1 )  w hich f o l lo w e d  e x t r a c t i o n  
o f  t h e  enzyme p a s t e  by  70^ e th a n o l  d i d  n o t  im prove  t h e  
p u r i t y  o f  t h e  a c t i v e  p r o t e i n .  I t  was fo u n d  t h a t  a  com bina­
t i o n  o f  s a l t  p r e c i p i t a t i o n  and i o n  exch an ge  c h ro m a to g ra p h y  
gave  b e t t e r  r e s u l t s .
I n  a d d i t i o n  t o  c h ro m a to g ra p h y  on  T E A E -c e l lu lo s e  and 
B io -G e l  P-200 f r a c t i o n a t i o n s  on  c a lc iu m  p h o s p h a te ,  Sephadex  
G-lOO, G - I 50 and G-200 and D E A E -c e l lu lo se  w ere  a t t e m p t e d .
I t  was fo und  t h a t  t h e  enzyme c o u ld  n o t  b e  r e c o v e r e d  i n  an  
a c t i v e  fo rm  from  a  colum n o f  c a lc iu m  p h o s p h a te  ( 2 . 5  x 20 cm) 
a t  e i t h e r  pH 6 .0  o r  7 .0  u s i n g  s o d iu m ,p h o s p h a te  b u f f e r s ,  
e a c h  c o n t a i n i n g  1 x 10"^M DTE, o f  c o n c e n t r a t i o n  0 ,0 2  M,
0 .0 2 5  M, 0 .1  M and 0 . 5  M. D E A E -c e l lu lo se  c a u se d  n e a r l y  t h e  
same e x t e n t  o f  p u r i f i c a t i o n  o f  FAAH a s  T E A E -c e l lu lo s e  d i d .
29
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M o le c u la r  s i e v e  c h ro m a to g ra p h y  was u t i l i z e d  i n  an
a t t e m p t  t o  f u r t h e r  p u r i f y  t h e  a c t i v e  p r o t e i n  o b t a i n e d  from
T E A E -c e l lu lo s e  i o n  exchange  c h ro m a to g ra p h y ,  B io -G e l  P -200
was u s e d  i n  p r e f e r e n c e  t o  S ephadex  G-lOO, G - I 50 o r  G -200 .
I t  was fo u n d  t h a t  no a c t i v e  p r o t e i n  c o u ld  b e  e l u t e d  from
c o lu m n s ( 2 . 5  x  20 cm) o f  S ephadex  G -100 , G - I 50 o r  G-200 u s in g
- 4
a  0 . 1  M TEAM b u f f e r ,  pH 8 . 5 ,  c o n t a i n i n g  1 x 10 M DTE,
W hereas u s i n g  t h e  B io -G e l  P -200  a lm o s t  100^ r e c o v e r y  o f  a c t i v e  
p r o t e i n  was o b t a i n e d .
The p u r i f i e d  p r o t e i n  m ig r a te d  a s  a  s i n g l e  band  on  p o l y ­
ac ry lam id e .  g e l  e l e c t r o p h o r e s i s  {7»5%)* As t h e  a c t i v e  p r o t e i n  
a l s o  c h ro m a to g ra p h e d  a s  a  s i n g l e  peak  on  B io -G e l  P -2 0 0 , i t  
i s  p resum ed  t h a t  t h e  FAAH p r e p a r e d  i s  e s s e n t i a l l y  hom ogeneous.
I n  t h e  enzyme a s s a y  a c e t o p y r u v i c  a c i d  was u s e d  a s  a  
s u b s t r a t e  due t o  i t s  r e a d y  a v a i l a b i l i t y  ( 2 ) .  A lth o u g h  t h e  
n a t u r a l  s u b s t r a t e  f o r  iFAAH i s  f u m a r y l a c e t o a c e t i c  a c i d ,  
t h i s  compound was e x t r e m e ly  d i f f i c u l t  t o  o b t a i n  from  b i o ­
l o g i c a l  m a t e r i a l  ( 6 ) .  I n  t h e  s tu d y  o f  e n z y m a t ic  h y d r o l y s i s  
o f  2 , 4 - d i k e t o  a c i d s  ( 2 ) ,  t h e  pH o p t im a  f o r  h y d r o l y s i s  o f  
a c e t o p y r u v i c  a c i d  a r e  i n  t h e  r a n g e  7 . 2  t o  7»6 . T h e r e f o r e ,  
t h e  enzyme a s s a y  was p e r fo rm e d  a t  pH 7*3*
A s p e c i f i c  and  s e n s i t i v e  m i c r o - e s t i m â t io n  o f  p y r u v ic  
a c i d  was a d o p te d  ( 1 7 ) .  O th e r  k e to  a c i d s  p r e s e n t  i n  t h e  
m ix t u r e  w ere  rem oved by  t h e  m ethod o f  E lg a n t  and N e lso n  ( 1 4 ) ,
A s o l u t i o n  o f  0 .1 ^  2 , 4 - d i n i t r o p h e n y l h y d r a z i n e  h a s  b e e n  u se d  
t o  form  a  d e r i v a t i v e  w i th  p y r u v i c  a c i d  w hich  c o u ld  b e  d e t e r ­
m ined  s p e o t r o p h o t o m e t r i c a l l y ,  A y e l lo w  c o l o r  d e v e lo p e d  on  
t h e  f o r m a t io n  o f  t h e  2 ,4 - d i n i t r o p h e n y l h y d r a z o n e  d e r i v a t i v e
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o f  p y r u v ic  a c i d  w hich  c h a n g e s  t o  r e d  c o l o r  i n  b a s i c  s o l u t i o n .  
The p y r u v i c  a c i d  d e r i v a t i v e  h a s  maximum s p e c t r o s c o p i c  s e n ­
s i t i v i t y  a t  a  w a v e le n g th  o f  450 nm. When t h e  c o n c e n t r a t i o n  
o f  p y r u v i c  a c i d  i s  h i g h e r  t h a n  6x10“ ® m o le s /m l ,  t h e  o p t i c a l  
d e n s i t y  r e a d i n g s  do n o t  o bey  t h e  B e e r -L a m b e r t  Law. T h is  
f a c t  was a l s o  d e m o n s t r a te d  by  K e i s t e r  and G r e e n s t e i n  ( 2 ) .
I t  i s  n e c e s s a r y  t o  p r e p a r e  c a r e f u l l y  t h e  c o n c e n t r a t i o n  
o f  a c e t o p y r u v i c  a c i d  w i t h i n  t h e  ra n g e  o f  1x10“ ^ m o le s /m l  t o  6x
Q
10“ m o le s /m l , s o  t h a t  t h e  am ounts  o f  p y r u v ic  a c i d  p ro d u c e d  
would b e  r e a d  d i r e c t l y  from  t h e  l i n e a r  p o r t i o n  o f  t h e  
s t a n d a r d  c u r v e .  S in c e  t h e  r a t e  o f  a c e to p y r u v i c  a c i d  d i s ­
a p p e a ra n c e  was e q u i v a l e n t  t o  t h e  r a t e  o f  a p p e a ra n c e  o f  p y r u v ic  
a c i d  i s  shown i n  F ig u r e  3 , t h e  f o l lo w in g  e n z y m a t ic  r e a c t i o n  
p re s u m a b ly  o c c u r s ;
. CH^CCEgCCOgH ----->  CH^COgH + CH^CCOgH
a c e t o p y r u v i c  a c e t i c  p y r u v ic
a c i d  a c i d  a c i d
A s i m i l a r  r e a c t i o n  scheme was p ro p o s e d  b y  K reb s  and  
Jo h n s o n  (18) f o r  a c y lp y r u v a s e  c a t a l y s i s .  The amount o f  
a c e t i c  a c i d  was n o t  a n a ly z e d  i n  t h i s  e x p e r im e n t .  The 
p r o d u c t i o n  o f  p y r u v i c  a c i d  was i s o l a t e d  and  i d e n t i f i e d  a s  
c r y s t a l s  o f  i t s  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  d e r i v a t i v e  w i th  
a  m .p . o f  2l4*C ( 2 ) .
The p u r i f i e d  p r o t e i n  c o u ld  be  c l a s s i f i e d  a s  an  a c y l ­
p y ru v a s e  and i s  m ost p r o b a b ly  f u m a r y l a c e t o a c e t a t e  h y d r o l a s e  
(EC 3 * 7 . 1 . 2 ) '  F u r t h e r  i d e n t i f i c a t i o n  o f  t h e  p r o p e r t i e s
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CHAPTER 5 
SUMMARY
A s e r i a l  m ethod f o r  p u r i f i c a t i o n  o f  FAAH from  b e e f  
l i v e r  h a s  b e e n  i l l u s t r a t e d ,  A lc h h o l  f r a c t i o n a t i o n ,  ammo­
nium  s u l f a t e  f r a c t i o n  and T E A E -c e l lu lo s e  i n c r e a s e  t h e  p u r i t y  
o f  p r o t e i n  a b o u t  180 t im e s  o v e r  t h e  c ru d e  e x t r a c t i o n .  The 
y i e l d  o f  p r o t e i n  i s  a ro u n d  1% com pared t o  t h e  0 ,8 5 #  sodium  
c h l o r i d e  e x t r a c t i o n ,  A c e to p y r u v ic  a c i d  h a s  b e e n  s t u d i e d  
a s  a  s u b s t r a t e  f o r  enzyme a c t i v i t y .  P y r u v ic  a c i d  d e t e r ­
m i n a t i o n s  i n d i c a t e  t h a t  t h e  enzyme s p l i t s  a c e t o p y r u v i c  a c i d  
i n t o  two m o le c u l e s ,  one  o f  w h ich  i s  p y r u v i c  a c i d  and  t h e  
o t h e r  p resvuaab ly  a c e t i c  a c i d .  The f o r m a t io n  o f  p y r u v ic  
a c i d  h a s  b e e n  d e m o n s t r a te d  b y  t h e  i s o l a t i o n  and  i d e n t i f i ­
c a t i o n  o f  a  2 ,4 - d i n i t r o p h e n y l h y d r a z o n e  d e r i v a t i v e ,
S ?. %
CHgOCHgCCOgB ------->  CHjOOjH + CHjOOO^H
a c e t o p y r u v i c  a c e t i c  p y r u v i c
a c i d  a c i d  a c i d
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